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I. INTRODUCTION
The best definition for condition monitoring is a continuous evaluation of the health of the plant and associated electrical machines throughout their service life. The key is the ability to detect faults while they are still developing which called incipient failure detection [1] . By finding a good condition monitoring method, it is possible to provide adequate warning of imminent failure. Thus, it is also possible to schedule future preventive maintenance and repair work [2] . Different methods for fault identification have been developed and used effectively to detect the machine faults at different stages using machine variables, such as current, voltage, speed, torque, noise and vibrations. In the most cases faults produce one or more indicative signs of developing faults; for example, increased losses, excessive heating, torque pulsation, and unbalanced air-gap voltages and line currents [3] . These methods may involve several different types of analysis but often the underlying requirement is an understanding of the electromagnetic characteristics of the machine.
In general, the motor faults are due to mechanical and electrical stresses [3] . Mechanical stresses occur with overloads and unforeseen load changes, which may cause bearing faults and broken rotor bars. Electrical stresses are associated with the power supply, which may produce stator winding short circuits, as well as other mechanisms. Fault mechanisms for induction machines have been extensively studied. According to IEEE and EPRI reports [4, 5] the occurrence of faults in induction machines are are as shown in Table 1 .
Bearings are common elements of an electrical machine and they are the single largest cause of machine failures, as shown in Table 1 . Rotor eccentricity as a fault is discussed on the basis of their importance regarding condition monitoring of induction motors in next section. In terms of faults in rotating machines then there are several detection methods as addressed in [6] and [7] , and there will be discuss briefly here. 
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II. ECCENTRICITY FAULTS
An unequal airgap between the stator and rotor results in eccentricity of the rotor in an induction motor [8, 9] . The imbalance produces electromagnetic forces between the stator and rotor. This electromagnetic force depends on the movement of rotor axis away from stator axis, and the motion of eccentric rotor in terms of its angular velocity. There are also considerable effects due to winding arrangement, loading and slotting. This force acts on the air gap between rotor and stator in an irregular manner and pulls the rotor out of alignment and this is known as unbalanced magnetic pull (UMP). Further increase in the UMP may cause damage to the machine. Assuming that the stator and rotor surfaces are perfectly circular then there are two main types of eccentricity: static and dynamic. Static eccentricity occurs when axis of the rotor is at a constant distance from the centre of the stator, although the rotor still rotates about its own axis. However dynamic eccentricity occurs when the rotational axis of the shaft is not the true axis, although it still rotates on the stator axis. Obviously these conditions can exist together and the eccentricity is not necessarily constant down the bore. Static eccentricity produces a steady pull on the rotor to one side while dynamic eccentricity produces a rotating force vector acting on the rotor and rotating with rotor velocity. Other vibrations can also be generated. Fig.1 . illustrates the different cases of eccentricity. According [10] , for a given airgap eccentricity and flux density, the UMP increases with rotor diameter and rotor length. The eccentricity will produce additional flux waves of different pole number in the airgap. Once the terms for the additional airgap flux waves are obtained as in then the UMP can be calculated. The additional flux waves are the second and third terms: 
At any particular point in the airgap, the radial force can be calculated from the Maxwell stress:
where Pm is fundamental pole-pair number of the machine, Lst is length of the stator, r is the average airgap radius, and s is absolute static airgap eccentricity. This is an approximation since only the radial flux density component is considered. [20] did consider the effects of the tangential flux density component and assessed it to be low.
The characteristics of UMP forces depend on the air-gap flux density, geometric design of the machine eccentricity level, and the loading condition. According [11] if the flux density increase by 20% then the UMP will increase by 44% for a given eccentricity.
III. EXISTING CONDITION MONITORING TECHNIQUES
This section is focused on the condition monitoring of the induction machine. Several methods of electrical machine condition monitoring have evolved over time but the most distinct techniques are motor current monitoring, noise monitoring, vibration monitoring, thermal monitoring, torque monitoring and flux monitoring.
The popular method is to use line current monitoring where signature current sidebands are monitored [12] . It is the most economically attractive technology in induction motor and it monitors on the stator current of an induction motor in a non-invasive manner. Therefore, current monitoring is a sensorless detection method that can be implemented without any extra hardware internal to the machine. However, these are relevant to cage induction machines in terms of commercial system development and in renewable energy, particularly wind turbines, wound rotor induction generators are used and these do not produce the same sideband currents as shown in [13] . Current monitoring techniques require a high degree of human expertise. 
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Thermal monitoring techniques measure the local or bulk temperatures of the motor, or by parameter estimation [14] . In the case of stator winding faults, the temperature rises inside the motor, but this might be too slow to detect an incipient fault in early stage.
In terms of vibration monitoring techniques, much work has been done for the detection of faults; faults create harmonics with different frequencies and power levels in the vibration signal. Thus, the vibration signal is first detected via a vibration sensor mounted on the stator frame, and then its spectrum is calculated using a Fourier transform or a fast Fourier transform (FFT). Particular harmonics are then monitored to determine the corresponding the faults [15] . The weakness of vibration monitoring is its cost. Vibration sensors are expensive, and the acquisition of the vibration signal requires a significant investment. A flux monitoring method can give reliable and accurate information for the condition of an electrical machine. Reflected harmonic spectra will be appeared if any change occurs in air gap, winding, voltage, or current. [16] studied the airgap flux as a function of static eccentricity. If there is change in the airgap flux or winding voltage, this can indicate a developing fault and it can be reflected in the harmonic spectrum. [13, 17, 18] designed search coils which are placed under the stator winding wedges of the motor, and they were used for measuring the actual magnetic flux. The major weakness of flux monitoring is the small air gap in the most induction motors; the installation of search coils may require design modifications that may not be easy to implement. The full paper will give more detailed outcomes.
IV. REDUCTION OF UMP
According to [19] rotor eccentricity leads to the generation of airgap flux waves with pole-pairs that are 1 m P . In order to damp the UMP in case of an eccentric rotor, the additional airgap flux waves
( 1 m P ) should be eliminated or reduced. Three approaches haves been previously suggested to achieve this; the use parallel paths for stator winding currents, the use of stator damper windings to reduce the side-band flux waves, and the use equalizing windings on the stator [20, 21] . The reduction of UMP in induction motors is achieved by using parallel connection of the stator coils group in order to reduce the additional airgap flux density due to eccentricity [9] . There is a difference between the cage rotor and wound field rotor UMP. The cage rotor will have substantial differential which can add to the UMP while the in the wound-rotor machine will not have a parallel path structure like the cage that can damp 1 m P flux waves generated by the eccentricity. Overall, it has been illustrated that the wound rotor machine has more UMP than the cage machine [19] . In [13] a method using pole-specific search coils was introduced and theory was developed. It was tested using search coils in a four pole wound rotor machine. This method was found to successfully indicate the presence of rotor eccentricity. Therefore, it was developed to include the damper windings and the wound rotor; they were shown to reduce the UMP, particularly in a wound-rotor machine. These techniques will be examined in the full paper.
V. CONCLUSION
The aim of this digest is to the work done on condition monitoring and faults diagnosis in induction machines. It summarizes the techniques that can be used to detect rotor eccentricity faults in the early stage. In addition, it discusses the methods which have been proposed to damp UMP. The characteristics of UMP are addressed.
